&mdash; At Muzaffarpur, Bihar, in northern India, a total of 40 and 48 plant species served as pollen sources to Apis cerana Fabr and A mellifera L respectively. The major, medium and minor pollen sources were identified. The peak in pollen availability was observed from January to May and again in November. The dearth period was July-August in this area. The main differences in pollen foraging between 2 honey bee species were noted. Each of the species had 13 anemophilous plant species as sources of pollen.
INTRODUCTION
Microscopic analysis of pollen loads collected by foragers of a honey bee colony has been an established melittopalynological method to determine the sources of pollen for bee colonies. As early as 1908, Betts (1935) initiated investigations of pollen loads from Apis mellifera L bee colonies in England, to determine the pollen plants and to identify factors affecting bee constancy towards flowers. Particularly in Europe, this aspect was subsequently examined in several studies, among which mention may be made of those by Synge (1947) and Percival (1947) on pollen loads collected from A mellifera bee colonies in the UK; Louveaux (1954 Louveaux ( , 1958 from France; Maurizio (1949) from Switzerland; Knee and Moeller (1967) , and O'Neal and Waller (1984) from the USA. A classic example of the study of pollen loads is that of Hodges (1955) , who presented a comprehensive and practical guide to identifying pollen sources in the UK.
Melittopalynological studies on the sources of pollen in Asia have been very few. Systematic investigations have been made of the pollen sources on the Mahabaleshwar plateau in Maharashtra in western India by Deodikar et al (Deodikar, 1965) . Routine laboratory studies using melittopalynological methods have been * Correspondence and reprints made at the Central Bee Research and Training Institute, Pune, India, to evaluate sources of pollen and nectar for A cerana Fabr bees in different parts of India (Chandran and Suryanarayana, 1970; Suryanarayana, 1975 Suryanarayana, , 1978 Chaudhari, 1977; Singh et al, 1987; Suryanarayana and Singh, 1989) . Sharma (1970 a,b) analysed pollen loads collected from Kangra, Himachal Pradesh; and Chaturvedi (1973, 1977) investigated the pollen sources at Banthra (Lucknow), Uttar Pradesh.
Muzaffarpur (26°07' N, 85°24' E) is an important area for honey production in Bihar, northern India. Many beekeepers from distant areas migrate their bee colonies to Muzaffarpur for the honey harvest. In spite of its importance for beekeeping, very little information is available on bee foraging sources in this area. The Central Bee Research and Training Institute, Khadi and Village Industries Commission, Pune, established a Field Observation Station at Muzaffarpur during 1976 for studies on various aspects of beekeeping. The results of melittopalynological investigations on the sources of pollen are presented here.
MATERIALS AND METHODS
About 40 colonies of A cerana and 30 colonies of A mellifera have been maintained at the Field Observation Station, Muzaffarpur. The 2 bee species were kept in 2 separate apiaries 2 km apart during 1987-1988, while during 1988-1989, they were kept in the same apiary about 5 km away from the 2 previous apiaries (fig 1) . Botanical surveys of the areas around these apiaries have been made and observations were made on the component flowering species, as well as visits of bees to these flowers. Samples of pollen (anthers, flowers and inflorescences) of the flowering species were collected. Refer-ence slides of pollen were prepared following the methods of Wodehouse (1935) and Erdtman (1952) .
Samples of pollen loads brought by forager bees into the colonies were collected throughout the day at hourly intervals. The incoming pollen foragers were caught by hand by holding their wings. The 2 loads on the 2 hind legs were gently removed onto a slip of clean paper; the forager was then let off to resume its activity. The 2 loads were then packed in 2 separate paper packets. Each packet was labelled with data on the colony number, bee species, time and date of collection, colour of the load and number of incoming forager bees per minute with similar type of pollen. This was done at 1-2-hour intervals throughout the day. Sampling was performed once a week. A total of 810 pollen loads from A cerana colonies and 1 260 from A mellifera colonies was collected over more than 2 years of study from January 1987 to March 1989. To identify the pollen sources, small amounts of pollen from different parts of each pollen load sample were transferred on to a glass slide by a needle and a temporary mount was made. The mount was examined microscopically for pollen contents. Identification of the pollen species was confirmed by comparing these with the pollen in the reference pollen slides.
RESULTS AND DISCUSSION
Muzaffarpur is a predominantly agricultural area. The important annual crops during [1987] [1988] [1989] year-round in the area studied, the peak pollen availability was during January-May and in November. During July, August and September it was poor. A maximum number of sources was visited by A cerana in May and in November, while in July and August the number was the lowest. For An analysis of the contribution of anemophilous plant species to pollen availability is given in table III. Out of the 40 sources of pollen for A cerana bees, 13 sources can be considered as anemophilous, and contributed 495 (61.7%) pollen loads. Of these 381 (70.7%) loads were contributed by 3 major sources, viz, Borassus flabelli-fer, Phoenix sylvestris and Zea mays. In the case of A mellifera also, 13 anemophilous species, out of the total number of 48 pollen sources contributed 569 (45.2%) pollen loads. Of these, 4 major sources of pollen, viz, Borassus flabellifer, Phoenix sylvestris, Parthenium hysterophorus and Zea mays, contributed 481 (84.5%) loads. For both honey bee species, anemophilous plant species constituted important pollen sources at Muzaffarpur. Sharma (1970a) reported a similar predominance of anemophilous sources of pollen in Kangra, Himachal Pradesh, while in the Shimla hills of the same state, Sharma (1983) recorded only one (Artemisia sp) important pollen source, which was anemophilous.
Zea mays was recorded as the most important source in southern Wisconsin, USA, by Knee and Moeller (1967) , while wind-pollinated species contributed to an unexpectedly large amount of pollen in the LaCrosse county, Wisconsin, USA (Severson and Parry, 1981). Todd and Bretherick (1942) , while giving the chemical composition of pollen in 32 plant species, observed that pollen from anernophilous plants was not greatly different from pollens of entomophilous plants in their protein value. Maurizio (1960) classified corn pollen under the group of highly nutritive pollens. Dietz (1975) mentioned that the difference between insect-pollinated and windpollinated plants in protein content of pollen was non-significant. It is generally observed that brood rearing activity in the colonies is vigorous during the period when maize pollen is available (personal observations). It therefore appears that anemophily as a concept of pollination ecology is not relevant in the case of social insects like honey bees, whose foraging behaviour is controlled by a different set of factors.
The period and abundance of the main pollen sources of A cerana and A mellifera have been shown in figures 3 and 4 respectively.
Important differences were found in the pollen sources between A cerana and A mellifera. These are given below: a) pollen load samples of A cerana did not have even a single load of Parthenium hysterophorus. This was noted as the second most important pollen source for A mellifera. Suryanarayana and Singh (1989) recorded earlier that A cerana did not forage on P hysterophorus, although this was a common weed in the area. b) Samples of A mellifera pollen loads did not represent Dendrophthoe falcata (Lf) Ettingsh and Moringa oleifera, which were sources for A cerana. This might be due to competition among the floral sources and their relative unattractiveness to A mellifera. c) Cajanus cajan and Pisum sativum var arvense were important forage sources for A mellifera, whereas these were only of minor importance for A cerana. This difference in foraging behaviour is significant from the point of view of pollination of these crops. d) Helianthus annuus was an important source for A meffifera, but it was not represented in the loads brought by A cerana. This might be due to non-availability of sunflower within the flight range of A cerana, which has been reported as 700 to 900 m (Naim and Phadke, 1972; Darade et al, 1989) . Suryanarayana et al (1987) showed that A cerana was one of the important pollinators of sunflower in Maharashtra.
It is interesting to note that Zea mays was an important pollen source for both A cerana and A mellifera in agricultural areas such as Muzaffarpur, as has been observed in several parts of the world (for example, Sladen (1911) in England; Casteel (1912) , Knee and Moeller (1967) , and Severson and Parry (1981) in the USA and Maurizio (1953) in Switzerland). In India maize has been found to be a source of pollen for A cerana bees in the Punjab (Chaudhari, 1977) and in Andhra Pradesh (Singh et al, 1987) .
Though Nephelium litchi is an important nectar source (Phadke and Naim, 1974; Suryanarayana et al, 1981; Rao, 1983) , it was found to be a poor pollen source. Likewise, Mangifera indica and Wendlandia exserta, which were reported to be nectar sources (Rao and Nair, 1985; and personal observations), were not pollen sources.
Out of the 810 pollen loads of A cerana examined, only one pollen load had a bifloral source and all the rest were unifloral. The bifloral load was collected in November from Phoenix sylvestris and Zea mays.
A mellifera also collected one bifloral pollen load in November from Cucurbitaceae and Cocos nucifera. Bifloral loads were likewise found to be rare in the pollen loads collected by A cerana in Vijayarai, Andhra Pradesh (Singh et al, 1987) . However, Sharma (1970a,b) found that 8 pollen loads out of 19 collected during 1st June to 9th July, 1968 at Kangra, Himachal Pradesh, were mixed; one had 4 pollen species, 2 had 3 pollen species and 5 were bifloral, while only one out of 27 collected during September, 1968 was mixed with 3 pollen species. She therefore concluded that June-July was the dearth period in Kangra and that bees were therefore forced to collect pollen from more than one source on several of their foraging trips. On the other hand, at Banthra (Lucknow), Uttar Pradesh, she found that 3 out of 49 loads collected in February, 1970 and 3 out of 44 loads collected in April, 1970 were bifloral (Chaturvedi, 1973) .
The almost exclusive occurrence of unifloral loads in the present investigations is indicative of the richness of the local pollen resources to the honey bees.
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